Sewage Effluent and Irrigation

M.J. Melton

There is general agreement that
water of good quality is in limited
supply. It is one of the reasons
that man began to wuse wastewater
directly en farmlands long ago.

There was always the risk to
public health from eating uncooked
fruits and vegetables grown on lands
irrigated by wastewater because of
the presence of disease-causing
organisms (pathogens) from man’s
biological wastes. These organisms
include helminths (parasitic worms),
protozoa, bacteria, and viruses.

In the last century, wastewater
has come to include heavy metals and
toxic organic substances. With
time, man saw that raw sewage would
have to be treated before wuse in
irrigation.

In 1988, a book titled
TREATMENT AND USE OF SEWAGE EFFLUENT

FOR IRRIGATION edited by M.B. Pescod

[E%)

and A. Arar was published by
arrangement with the Food and
Agriculture Organization (FAO) of
the United Nations by Butterworths.
This book covers the proceedings of
the FAO Regional Seminar on the
treatment and use of sewage effluent
for irrigation that was held 1in
Nicosia in Cyprus from the 7th to
9th of October in 1985. With the
suggestions given in this book, a
good management team can establish
the necessary guidelines for reusing
wastewater for a specific location.

In chapter four, A. Kandiah of
the Land and Development Division of
the FAO in Rome gives some
guidelines which should be
considered when reusing wastewater
for agricultural purposes. In his
paper, " Quality Criteria in Using
Sewage Effluent for Crop

Broduction”, the main references for



these criteria are a World Health
Organization (WHO) report on re-use
of wastewater published in 1973 and
quality for

an FAO report on water

agriculture published in 1985.

Kandiah’s paper takes a look at
reusing municipal wastewater which
is defined as the spent water of a
community consisting of
water-carried wastes from
residences, commercial buildings,
and industrial plants and surface or
groundwater that enters the
sewerage system (WHO,1973). Whether
this municibal wastewater can be
re-used for agricultural purposes
depends largely on if it 1is more
economical to reclaim wastewater for
a certain need or to get water from
another sources. This problem is
seen more in developing countries
where typical municipal wastewater
is of a stronger concentration

scarcity or cost of

because of the

water so that treatment of

wastewater to remove substances

harmful to agriculture is more
expensive.

When considering the use of
reclaimed wastewater for irrigation,
it is first important to know its
and biochemical

microbial

properties. With these values, the

risk to public health, the danger to
the environment, and the
considerations for agriculture

(mainly salinity of the wastewater)

can be evaluated. Although it is

true that agriculture can accept a
lower quality of water than
washing

domestic (drinking and

purposes) or industrial users, there

still must be quality criteria for
irrigation water because of the
effects on wusers of agricultural

products or on soils, plants and the
farm environment.
The guidelines presented by

WHO (1973) and FAO (1985) can be

combined along with a 1local site

evaluation by a potential wuser of
municipal
suggests combining Tables 4.2, 4.3,
and 4.4 as a first step in assessing

quality

wastewater. Kandiah

limitation of the

low.

practices

Table 4.2 Guidclines for interpretation of water quality for irrigation

wastewater. Then good

can provide

alternatives if water

Tables 4.2

and

Potential irrigation problem Units Degree of restriction on use
None Slight (0 Severe
moderate
Sull'nily (alfeets crop water availability)*
ti: dS/m <0.7 0.7-3.0 >3.0
TDS my/l <450 450-2000 >2000
Infiltration (affects infiltration rate of waler into
the soil. Evaluation using EC,, and SAR
together)t
SAR = 0-3 andEC, = >0.7 0.7-0.2 <0).2
= ?-?2 = >1.2 1.2-0.3 <0.3
. 12)—20 = >1.9 1.9-0.5 <0.5
= 20—4 = >2.9 2.9-1.3 <l.3
= 20-40 = >5.0 5.0-2.9 <2.9
Specific ion toxicity (affects sensitive crops)
Sodium (Na)t
surface irrigation SAR <3 3-9 >Y
sprinkler irrigation . me/l <
Chloride (Cht ’ <
surface irrigation me/l <4 4-10 >10
sprinkler irrigation me/l <3 >3
Boron (B) mg/l <b7 7
Trace clements (see Table 4.3) 5 . e >3
Misccllancous effects (affects susceptible crops)
Nitrogen (NO, = N)§ mg/l
. : g >5 5-30 >3
Bicarbonate (HCOy) (overhead sprinkling only) me/l <l.5 1.5-8.5 >8fg
pH Normal range 6.5-8.4

Source: Adapted from FAO (1985)

. [-.(“_ means clectrical conductivity, a measure of the water salinity, reported in deciSiemens permetre at 25°C (dSmy or i 1
millimhos per centimetre (immho/cm). Both are cquivilent. TDS incans total dissolved solids reported i ; ez
-t SAK means sodium adsorption ratio. and is sometimes reporied by the symbol RNa. At a gl.v;:n SAR.in
Silllnily incrcus:cs. Evaluate the potential infiltration problem by SAR as modified by L:C,, )
+ For surfacc irrigation. most tree crops and woody plants are sensitive 1o sodium and chlonde; use the values shown. Most

n milligrams per lire (my/).
filtration rate increascs as water

annual crops

are not sensitive. With overhcad sprinkler irrigation and low humidity (<30%). sodivm and chioride may be absorbed through the leaves

of sensitive crops.

# NO3=N. nitrate nitrogen. reported in tcrms of elemental nitrogen (NHy~N and organic =N should be included when waslewaler is

being tested).

management

quality

4.3



Tabie 4.3 Recommended maximum concentrations of trace elements in irrigation water

Element Recommended Remarks
maximum
concentration
(mg/l)

Can cause non-productivity in acid soils (pH <5.5), but

more alkaline soils at pH <7.0 will precipitate the ion

and climinate any toxicity

Toxicity to plants varies widely, ranging from 12 mg/l lor

Sudan grass o less than 0.05 mg/l for rice

Toxicity to plants varies widely, ranging from S my/i for

kale to 0.5 mg/l for bush beans

Toxic to beans, beets and turnips at concentrations as

low as 0.1 mg/l in nutricent solutions; conservative limits

recommended duc to its potential for accumulation in

plants and soils to concentrations that may be harmful to

humans

Toxic to tomato plants at 0.1 mg/l in nutrient solution,

tends to be inactivated by neutral and aikaline soils

Not gencrally recognized as an essential growth

clement; conservative limits recommended duce to lack

of knowlcdge on its toxicity to plants

0.20 Toxic to a number of plants at 0.1-1.0 mg/l in nutrient

solutions

Inactivated by neutral and alkaline soils

Nottoxictoplantsin aeratedsoils, butcancontribute to

soil acidification and loss of availability of essential

phosphorus and molybdenum; overhead sprinkling may

resultin unsightly deposits on plants, equipment and

buildings

Tolerated by most crops up to 5 mg/l; mobile insoil; toxic

tocitrus at low concentrations (<0.075 mg/l); acts

similarly toboron

.20 Toxictoanumberof crops atafew tenths toafew mg/l, but
usually only in acid soils

0.01 Not toxicto plants at normal concentrations insoil and

walter; can betoxictolivestock if forage is grown insoils

with high concentrations of available molybdenum

Toxictoanumberofplantsat().5-1.0mg/l; reduced

AX  (aluminium) 5.0

As  (arsenic) 0.10
Be  (beryllium) 0.10

Cd  (cadmium) 0.01

Co  (cobalt) 0.05

Cr (chromium) 0.10

Cu  (capper)

I (Huorde) 1.0

Fe  (iron) 5.0

Li  (lithium) 2.5

Mn (mangancse)

Mo (molybdenum)

Ni  (nickel) 0.20
toxicity at neutralor alkaline pH

Pb  (lead) 5.0 Caninhibit plant ccll growth at very high concentrations

Se  (selenium) 0.02 Toxicto plantsatconcentrationsaslow as(.025mg/land
toxic to livestock if forage is grown in soils with relatively
highlevelsof added sclenium; an essential element to
animals but in very low concentrations

an Gi)- Effectively excluded by plants; specific tolcrance

i (titanium) aiknown

W (tungsten)

V  (vanadium) 0.10 Toxictomany plantsat relatively low concentrations

Zn  (zinc) 2.0 Toxic tomany plants at widely varying concentrations;
reducedtoxicity at pH >6.0and in fine textured or organic

soils

Source: Adapted iom FAO(1985)
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ficant removal of
D Notmore than 100 coliform organisms. 10%) ml i

B As A plus a significant removal of bacteria.

is: signi

C  As A. plus more effective removal of bacteria.

In order to meet the given health criteria, proc

A Freedom from gross solid
® Free chlorine after 1 h.
Source: WHO (1973)

Disinfection
Health criteria:

Table 4.4 Suggested treatment processes to meet the given health criteria for wastewater reuse

Ion exchange or other means of

Sand filtration or equivalent
removing ions

Health criteria (see below for
polishing methods

explanation of symbols)
Primary treatment
Secondary treatment
Denitrification
Chemical clarification
Carbon adsorption

Nitrification



evaluate the wastewater for
irrigation purposes in terms of
biochemical characteristics and

Table 4.4 suggests treatment
processes to reduce the risk to
public health which 1is related
to microbial characteristics of
wastewater.

Other alternatives for crop
selection if water quality is low
and a hazard to public health can
include forest crops which have the
fewest associated risks to public
health, industrial crops not to be
consumed by humans or animals(such
as cotton), or forage crops which
are processed (dried) and stored
(such as hay or pellets) before
being fed to livestock.

At the end of his paper,
standards

¥andiah presents some

developed by specific countries for

the use of effluents. These
existing standards can be an aid
in establishing an appropr jate

program for the re-use of wastewater
in terms of crops, treatment
required, type of irrigation system
and crop management, With experience
and observation and research of
field trials, all existing guidelines
can be modified to fit a specific

location.
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